The interest rate at which US firms borrow funds has two features: (i) it moves in a countercyclical fashion and (ii) it is an inverted leading indicator of real economic activity: low interest rates today forecast future booms in GDP, consumption, investment, and employment. We show that a Kiyotaki-Moore model accounts for both properties when interest-rate movements are driven, in a significant way, by self-fulfilling belief shocks that redistribute income away from lenders and to borrowers during booms. The credit-based nature of such self-fulfilling equilibria is shown to be essential: the dynamic correlation between current loanable funds rate and future aggregate economic activity depends critically on the property that the interest rate is state-contingent. Bayesian estimation of our benchmark DSGE model on US data shows that the model driven by redistribution shocks results in a better fit to the data than both standard RBC models and Kiyotaki-Moore type models with unique equilibrium.
Introduction
The inverted leading indicator property of the borrowing cost is a long-standing puzzle. In US data, low real interest rates are associated with both current and future investment (and output) booms. However, standard real businesscycle (RBC thereafter) models deliver the opposite relationship: high investment and output are associated with a high interest rate (see King and Watson, 1996) . The reason behind such counterfactual predictions is rather simple.
In such models the real interest rate is dictated by the marginal product of capital, which is proportional to the output-to-capital ratio. Given that output is more cyclical than the capital stock, high output thus always implies a high interest rate regardless of the source of shocks.
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In this paper, we tackle this long-standing puzzle by introducing a credit market that channels funds from lenders to borrowers. Due to borrowing constraints à la Kiyotaki and Moore (1997) -KM thereafter -the credit market friction creates a wedge between credit supply and credit demand. However, this wedge by itself is not sufficient for the loanable funds rate to be countercyclical because in equilibrium credit demand still depends on the rate of return to capital: the cost of borrowing is still dictated by the benefit of borrowing and investing, that is, by the marginal product of capital, so that high credit demand (associated with high capital returns) results in high interest rates and vice versa.
Our main theoretical finding is that if the loan is such that the interest rate is not pre-determined, or set when the loan is negotiated, but instead is state-contingent and responds to changes in aggregate economic conditions when the loan payment is due, then the credit market features an interesting property: when the demand for loans increases, the supply of loans increases by more in response to the higher credit demand, so that the equilibrium interest rate falls instead of rising. The subsequent economic boom validates the inverted leading indicator property of the real interest rate. This also suggests that the low-interest-rate-based economic boom can be self-fulfilling: in the absence of any fundamental shocks, the very anticipation by borrowers of a lower expected interest rate can stimulate credit demand and aggregate investment, resulting in an economic boom and fulfilling the initial optimistic expectations. Conversely, expectations of a high interest rate can trigger a recession and an interest rate hike in the credit market, as if a higher credit risk had materialized and reduced loanable funds even though it is in fact not the case.
The fact that the borrowing cost faced by US firms is countercyclical has far-reaching macroeconomic consequences.
When the borrowing cost is low, financing investment is easier and the economy booms. Figures 1 and 2 report the impulse response functions (IRFs thereafter), at quarterly frequency, of real land price, the inverse relative price of capital, real consumption, real investment, real business debt, hours worked, real GDP, and real borrowing interest rate faced by corporate and noncorporate firms. Those IRFs are obtained from vector autoregressive (VAR) models, using Cholesky decomposition and ordering first either land price (Figure 1 ) or investment ( Figure 2 ).
2 Both figures make clear that all variables are procyclical, except the debtor interest rate. When there is a positive shock to either land price or investment, the interest rate stays below trend for several quarters while all variables boom. To the extent that both credit demand (by firms) and credit supply (by investors and financial intermediaries) are procyclical, this evidence suggests that changes in the supply of loanable funds dominate those in the demand for loans.
While data clearly shows that the borrowing cost is countercyclical, standard RBC models counterfactually predict that the interest rate is procyclical, as noticed above. 3 Since there is no credit market in the standard one-sector RBC model, one might wonder whether or not theoretical predictions agree with empirical evidence in meaningful extensions of the textbook model.
In this paper, we consider various versions of dynamic models that incorporate a credit market and endogenous collateral constraints following the seminal contribution of KM, whose setting has become a workhorse of DSGE theory with financial frictions. Our main contribution is to show that the loanable funds rate is countercyclical only in versions of the model such that the unique steady state is indeterminate, which in turn happens if loan repayments are state-contingent. In other words, collateralized lending with predetermined interest rate delivers a procyclical interest rate that is at odds with data while, in sharp contrast, collateralized loans with state-contingent interest rate accord with empirical evidence. A striking implication of our results is therefore that self-fulfilling swings, and in particular fluctuations in real economic activity caused by interest-rate movements that redistribute income between lenders and borrowers, are an important driver behind actual business cycles both in theory and in the data.
Our focus on credit markets that feature collateral requirements is dictated by the fact that they are a prominent feature of loans in many economies around the world, both in developed and in developing countries. It is well understood both in practice and in theory that contractual agreements involving some form of collateral brought by borrowers mitigate the consequences of asymmetric information in debtor-creditor relationships (see for example the textbook by Tirole, 2006 , chapter 4). In particular, because collateralized borrowing reduces default risk, conventional wisdom holds that financial institutions that rely more on secured debt -and less on unsecured debt -should be less prone to financial crisis. 4 This paper shows, however, that such conventional wisdom is not necessarily correct:
even collateralized lending can itself be a source of self-fulfilling credit cycles and financial instability. This finding is thus surprising for two reasons: (i) it is against the common view that secured borrowing is safer and thus promotes macroeconomic stability; (ii) it is a salient feature of KM-type models.
Collateralized borrowing hinges on market values, yet such market values are endogenous to the economy and out of control by competitive creditors and debtors. Thus, intuition tells us that endogenous collateral constraints may subject the economy to speculation and self-fulfilling financial crisis. When the market value of collateral is above trend, for example, the practice of collateralized borrowing stimulates, instead of curtailing, credit lending, fueling the asset boom. Conversely, when the market value of collateral is below trend, collateralized borrowing restricts credit lending instead of relaxing it, exacerbating the crisis in a downturn. Hence, the market value of collateral generates an externality that serves not only to amplify and propagate business cycle shocks, but may also make expected changes in asset prices self-fulfilling, creating business-cycle movements even without any fundamental shocks to the economy.
Of course, the amplification and propagation mechanism of collateralized borrowing through such an externality has long been noticed in the literature, and the seminal contribution by KM precisely emphasized such a mechanism.
However, this literature shows that the KM constraint alone is not sufficient for generating the anticipated propagation mechanism (Kocherlakota, 2000 , Cordoba and Ripoll, 2004 , Pintus and Wen, 2013 ) and self-fulfilling business cycles, unless additional features or frictions such as fixed cost of production or transaction are added in conjunction with collateralized borrowing to generate self-fulfilling business cycles (see e.g. Benhabib and Wang, 2013, Liu and Wang, Figure 1 : IRFs from VAR model with land price ordered first -one standard deviation shock (±2 standard-error bands) The intuition is straightforward: under a predetermined interest rate, simply relaxing the borrowing constraint via a higher value of the collateral does not by itself generate a higher demand for loans if the loan interest rate is expected to rise. Hence, once the credit market is in an equilibrium, an expectation of a higher asset value cannot be selffulfilling unless the loanable funds rate is countercyclical. Therefore, key to our results is to relax the assumption that the interest rate on loan interest rate is predetermined. Vickery (2008) show that self-fulfilling redistribution shocks are important, as their presence affect not only the dynamics of the interest rate but also the propagation of fundamental financial shocks that have been stressed by previous quantitative studies. In addition, our estimation results establish that data overwhelmingly favor the (indeterminate) model with state-contingent interest rate over the traditional predetermined-interest rate (determinate) model à la KM, and that the former produces the S-shaped inverted leading indicator property of the real interest rate found in the data while the latter does not.
Regarding our theoretical contribution, we show that while loans with state-contingent interest rate lead to selffulfilling, multiple equilibria near the steady state, loans with predetermined (or constant) interest rate do not. Multiplicity arises in our model because of an aggregate credit-demand externality: equilibria with lower interest rate imply lower debt repayment, making larger loan amounts affordable, which in turn imply larger investment demand and higher asset prices that benefit the lenders and encourage them to issue more loans to push down the interest rate.
Intuitively, everything else equal, the expectation of a higher price of collateral is unable to induce a higher demand for loans unless the interest rate on loan payment is simultaneously lowered, which nonetheless cannot happen in a fixed-rate environment, thus preventing the original optimistic expectation of an asset boom to be self-fulfilling. In summary, self-fulfilling shocks that redistribute income away from lenders and benefit borrowers in booms are key in our model. Wang (2014), who show that the indeterminacy parameter region such is rather small. In addition, the novelty of our paper, compared to earlier studies, is to provide estimation results about the quantitative importance of self-fulfilling
In what follows, Section 2 reports some empirical motivation of the paper. Section 3 presents a basic setup with loans that are collateralized and have state-contingent interest rate and it shows that such model generates global indeterminacy and self-fulfilling equilibria for virtually all parameter values. Section 4 shows that local indeterminacy is robustly pervasive by considering extensions of the basic model that we use to conduct our estimation analysis and to show that redistribution shocks matter. Section 5 concludes the paper with remarks for future research, and an Appendix gathers proofs.
Empirical Motivation: Lead-Lag Correlations from Aggregate Data
We first present some stylized facts about the dynamic relationships between macroeconomic variables at quarterly frequency. More precisely, we report the lead-lag correlations of all variables with the interest rate, which we construct from the time series generated by the impulse responses in Figures 7 This is because while both models predict that credit demand and credit supply go up in booms, they reach opposite conclusions regarding the net effect of those changes. The determinate model predicts that the interest rate is procyclical, which suggests that changes in the rate that is charged in the credit market are mainly determined by a rise of credit demand during good times. In contrast, the loan interest rate is countercyclical in the indeterminate model, which means that supply changes dominate demand changes so that the interest rate falls during booms. The evidence from both VAR models and dynamic correlations reported in this section suggests that the indeterminate model with state-contingent loan interest rate is more in line with the data than the determinate model with predetermined interest rate. In particular, the indeterminate model not only correctly predicts that contemporaneous correlations between the interest and macroeconomic variables are negative but also that low levels of borrowing cost predicts future booms.
We examine more formally those aspects in the following sections, which develop and estimate both models, where we
show that the self-fulfilling model does a good job along other dimensions as well. 7 We have checked that similar conclusions are reached under other sources of shocks. 
A Simple Model with State-Contingent Interest Rate
In this section we use a simple version of our model to show that incorporating loans with state-contingent interest rate leads to steady-state indeterminacy for virtually all parameter values. We have two objectives in mind. First, to derive global self-fulfilling equilibria analytically and, second, to provide an intuitive account of why self-fulfilling equilibria are pervasive in such a framework.
There are two types of infinitely-long lived agents in the economy, lenders and borrowers. Lenders do not produce, but provide loans to borrowers. In this sense, lenders serve the role of banks or financial intermediaries in the economy. The type of credit provided by lenders are one-period loans that can be used to finance consumption and land investment. Lenders derive utilities from consumption and land, 8 do not accumulate fixed capital, and use interest income from payment on previous loans to finance current consumption and land investment. The budget constraint of a representative lender is given by:
whereC t denotes consumption,L t the amount of land owned by the lender in the beginning of period t, Q t the relative price of land, B l t+1 the amount of new loans (credit lending) generated in period t, and R t the gross real interest rate. The instantaneous utility function of the lender is given by:
and the time discounting factor isβ ∈ (0, 1).
Borrowers can produce goods using land 9 , using the technology given by:
where A is TFP, L t denotes the amount of land owned by the borrower, and K t denotes capital stock. The total amount of land is in fixed supply, that is:
A representative borrower in each period needs to finance consumption C t , land investment L t+1 − L t , and loan interest rate R t B l t , where δ ∈ (0, 1) is the depreciation rate of capital. The budget constraint of the borrower is given by:
An important feature of the budget constraint is that the debt repayment is not predetermined in period t, as the endogenous interest rate adjusts to fundamental and possibly self-fulfilling shocks. The per-period utility function of the representative borrower is given by:
and her discount factor is β ∈ (0, 1). Borrowers are assumed to be less patient than lenders, that is, their time discounting factor satisfies β <β.
The ex-ante borrowing constraint faced by the borrower is
where θ > 0 is the loan repayment-to-value ratio. The borrowing constraint imposes that the amount of debt in the beginning of the next period cannot exceed a fraction θ (≤ 1) of the collateral value of assets owned by the borrower next period. The rationale for this constraint is that, due to lack of contractual enforceability, the lender has incentives to lend today only if the loan is secured by the value of the collateral that will be realized tomorrow. Therefore, the lender has to forecast in period t both the debt obligations that will be redeemed and the market value of collateral that will prevail in t + 1. In contrast with KM, who assume a fixed interest rate, the fact that the interest rate is variable is a key feature for our results.
10
The model just described turns out to have closed-form solutions. More specifically, assuming A = 1 and θ = 1, the first-order conditions of the lender immediately imply that the land price are constant over time,
while expected interest rate is constant too, that is E t R t+1 =β −1 . 11 In addition, the binding credit constraint gives B l t+1 =βQL t+1 , which once plugged into the borrower's budget constraint gives:
where X t ≡ 1 + Q(1 −βR t ) represents the borrower's return on land net of interest payment. It is then easy to show that, due to logarithmic utility, the borrower's consumption and land demand have closed-form solutions that 9 Capital and elastic labor supply will be introduced in Section 4. 10 As long as what matters in the borrowing constraint is the amount of outstanding debt, it is possible to relax the assumption that debt matures after one period while keeping our main results unchanged.
11 In addition, a unique steady state exists provided that ψ = β/β < 1.
are given by
On the other hand, lender's first-order condition boils down to
It follows that self-fulfilling equilibria are simply constructed as solutions to In this simple setup, sunspot innovations ε t originate from forecasting errors on the interest rate, which can be for example interpreted as redistribution shocks that move resources away from lenders and towards borrowers in booms.
This means that such a simple economy with variable (state-contingent) interest rate can be globally indeterminate so that interest rate expectations are self-fulfilling. In the full-fledged model of Section 4, sunspot innovations could in principle affect any other jump variables such as investment or consumption for example.
12
Before moving on to the intuition of why self-fulfilling equilibria arise in the basic model, it is interesting to contrast the above results with what happens in the economy with predetermined-interest rate loans. By this we mean that the borrower's budget and credit constraints are now:
while the lender's budget constraint is:
so that the interest repayment due in period t is now predetermined while the interest rate that enters the credit constraint is variable but now known in period t. It is then easy to show that the interest rate is constant over time, that is, R t =β −1 , so that X t = 1 at all dates and the economy is forever in steady state, absent fundamental shocks,
hence not subject to self-fulfilling shocks.
A useful way to shed light on the intuition of why self-fulfilling equilibria arise is to derive credit demand and credit supply. Credit demand is simply:
while credit supply is given by:
and both are conveniently depicted in Figure 7 . Now suppose that the borrower expects the interest rate to go down.
Then the borrower increases consumption and land investment L t+1 so that credit demand shifts rightward in Figure   7 . In addition to being a shifter of credit demand through the collateral channel -see (12) -L t+1 is also a shifter of credit supply through land reallocation to the borrower -see (13) . As can be seen from Figure 7 , the net effect is a fall of the interest rate. This is because in view of equations (12) and (13), the credit supply curve shifts to the right by more than the credit demand curve when L t+1 goes up: when the borrower's land demand goes up by ∆L t+1 , the lender's land holdings go down by the same amount since land is in fixed supply, which means that the lender's savings in the form of lending goes up by Q∆L t+1 . On the other hand, borrower's credit demand goes up byβQ∆L t+1 , that is, by a little less since the loan-to-value ratio is smaller than one. The bottom line is that the interest rate goes 12 Notice that since land price is fixed, the existence of self-fulfilling equilibria is not related to the pecuniary externality (through asset price) that has been stressed by the existing literature. In addition, output is split between borrower and lender, so that any change in borrower's consumption crowds out lender's, that is,Ct = Lt − Ct. What matters most is how income is distributed between lenders and borrowers, which in turn depends on loan interest rate that is state-contingent and subject to self-fulfilling changes. down and the initial expectation is fulfilled. In other words, the interest rate is countercyclical in the indeterminate model. 13 In contrast, the economy with predetermined interest rate stays in steady state forever, absent fundamental shocks, because the interest rate is constant through time and there is no reallocation of land that can trigger shifts in credit supply or demand. It turns out that self-fulfilling equilibria are also ruled out in the simple economy with predetermined interest rate even if we allow the land price to move over time, typically in a procyclical fashion, and despite the associated pecuniary externality. To estimate the latter, we follow the approach developed in Farmer et al. (2015) . Redistribution shocks are shown to be quantitatively important, as their presence alter significantly the propagation of other shocks, including land demand shocks, to explain US business and credit cycles. In addition the determinate model is rejected against the indeterminate model according to the Bayes factor criterion.
13 Appendix 6.1 shows that global self-fulfilling equilibria survive when, more realistically, both fixed and state-contingent interest rate loans are used, provided that the constant share of variable-rate loans is larger than 0.5.
14 A previous draft of this paper, Pintus, Wen and Xing, 2016, also derives the existence of local indeterminacy in a generalized version of the model with a risk-averse lender.
Determinate Economy with Predetermined Interest Rate
So as to make clear how and why loans with state-contingent interest rate modify the analysis, we first expose briefly the original model of Liu et al. (2013) in which the debt repayment is predetermined and the steady state is determinate, using the same notation as in their paper, including the end-of-period convention for stock variables.
Household:
The infinitely-long lived representative household consume and supply both labor and credit in each period. They take decisions that maximize lifetime utility, defined as:
where C ht is consumption, L ht is the land stock, and N ht represents labor hours. Parameter β ∈ (0, 1) denotes the discount factor and consumption habits are measured by parameter γ h ∈ (0, 1). Preferences are subject to three shocks, as follows. An intertemporal preference shock, which can be also thought as a risk premium shock, is denoted
, and ε at is i.i.d. and normally distributed with mean zero and unit variance so that σ a > 0 is the standard deviation of the innovation. In addition, a shock to land utility is denoted by φ t such that ln
and ε ϕt is i.i.d. and normally distributed with mean zero and unit variance so that σ ϕ > 0 denotes the innovation's standard deviation. Finally, a labor supply shock is denoted by ψ t such that ln Households are subject to their budget constraint:
where q lt is the relative land price in terms of the produced good, R t is the debtor gross interest rate, w t is the real wage, and S t denotes the quantity of uncontingent bonds that each pays one consumption unit in period t + 1.
Defining µ ht as the Lagrange multiplier attached to (15) , it is straightforward to derive the following first-order conditions with respect to consumption demand, labor demand, land demand and credit supply:
Entrepreneur: The representative entrepreneur is also infinite-long lived and runs the productive technology that uses capital, labor and land and delivers a good that can be either consumed or used for investment. Her consumption, investment and borrowing decisions maximize lifetime utility, as defined by:
where C et is consumption and the habit parameter γ e ∈ (0, 1). Entrepreneur operate under four types of constraints.
(i) a technological constraint:
where Y t is output produced out of capital K t−1 , labor N et and land L et−1 , with α ∈ (0, 1) and φ ∈ (0, 1). Total factor productivity Z t is stochastic and subject to a temporary component ν zt and a permanent component Z p t , with (ii) a capital accumulation constraint:
where I t denotes investment,λ I is the steady-state growth rate of investment, and Ω > 0 measures the cost of adjusting the investment flow.
(iii) a budget constraint: (iv) an endogenous collateral requirement:
where q kt+1 is tomorrow's shadow price of capital expressed in units of the produced good, and θ t denotes stochastic loan-to-value ratio, with ln θ t = ρ θ ln θ t−1 + (1 − ρ θ ) lnθ + σ θ ε θt ,θ > 0 is the steady-state value of the loan-to-value ratio, ρ θ ∈ (−1, 1), and ε θt is i.i.d. and normally distributed with mean zero and unit variance while σ θ > 0 is the innovation's standard deviation.
Defining µ et , µ kt , µ bt as the respective Lagrange multipliers of (22), (23) , and (24), it follows that relative price of capital in terms of the consumption good satisfies q kt = µ kt µet and the first-order conditions with respect to demands for consumption, labor, investment, capital, land and credit are: 
Indeterminate Economy with State-Contingent Interest Rate
As easily seen, the bond formulation used by Liu et Figure 8 reports the corresponding IRFs while Table 2 reports moment statistics. A noticeable and surprising feature of Figure 8 is that although the shock to the lender's utility for land is positive, which implies that households are willing to hold more land, it turns out that land is reallocated to the entrepreneur at impact, as explained in Liu et al. (2013) . This happens because land price goes up, which relaxes the entrepreneur's credit constraint and generates a boom that initially reallocates land to the borrower. Because the shock to land utility is very persistent (see Table   1 ), the response of land price and other aggregates are also very persistent. In addition, the interest rate is procyclical while the land price looks strongly countercyclical in Figure 8 , which is confirmed by Table 2 and is at odds with evidence reported in Section 2.
Comparing Propagation in Determinate and Indeterminate Economies
Indeterminate Economy: There is one-dimensional indeterminacy in the economy with state-contingent loan interest rate and we assume that self-fulfilling innovations affect redistribution flows between lenders and borrowers (though similar qualitative results obtain if, for instance, either the land price or investment reacts to extrinsic uncertainty instead). We first investigate what happens in the indeterminate economy when redistribution shocks are inactive while a land demand shock hits. Figure 9 reports the IRFs to a land demand shock and Table 3 reports moment statistics. In Figure 9 , a positive land demand shock generates an expansion, similar to what happens in fixed-interest rate economy (see Figure 8) . Second, we shut down all fundamental shocks and feed the model with a redistribution shock only. Figure 10 reports the IRFs to a negative shock to loan interest rate and Table 4 reports moment statistics. The main features of Figure 10 are that indeterminacy generates persistence endogenously, since the shock has zero autocorrelation, and a higher level of volatility of output, investment and worked hours compared to Figure 8 (given the same standard deviations for both shocks' innovations). Land price, credit, consumption and labor are procyclical while and the interest rate is countercyclical, which accords with evidence reported in Section This is what we examine next in the estimation section of the paper.
Bayesian Estimation of Determinate and Indeterminate Models with Hybrid Interest Rate
This section addresses the following questions: are indeterminacy and redistribution shocks important to explain to US business cycles and do they affect the propagation of other fundamental shocks? Our estimation results, reported below, unambiguously yield "yes" and "yes" as the answers. the Econometrica website referenced in the published version of that paper, to which we add our interest rate data.
Our estimation strategy is as follows. It is obvious that the determinate and indeterminate models are both unrealistic in the sense that the firm sector as a whole is expected to use a combination of fixed-interest rate and variable-interest rate loans at any point in time. 15 We therefore estimate hybrid versions of the model with a fixed Of course, the versions simulated in Section 4.3 correspond to extreme cases, such that either ω = 0 (see Section 4.1)
or ω = 1 (see Section 4.2). We therefore estimate the determinate model under the restriction that ω ∈ (0, 0.5) and 15 To our knowledge, there exists no comprehensive measure of how prevalent variable-interest rate loans to US firms are. Historically, floating-rate debt was introduced in the US in 1974 (see Allen and Gale, 1994, page 19) . Since then it has been increasingly used by companies to borrow funds, with a pronounced acceleration in the 1980s and 1990s when non-bank investors like mutual funds and insurance companies massively entered the market as buyers, followed by collateralized loan obligations structures and hedge funds in the 2000s. Modern forms of floating-rate loans are investment-grade corporate floaters and sub-investment-grade bank loans (also referred to as senior secured loans, leveraged loans, or syndicated loans), which are both classified as senior collateralized debt in the borrowing firm's capital structure. Although this is only indicative, we notice that, at least since 2000, the market size for floating-rate loans has been exceeding that of high-yield (usually fixed-rate and unsecured) bonds. As of December 2014, the former exceeds $1.9 trillion while the latter represents slightly more than $1.3 trillion (source: Crédit Suisse and Loan Pricing Corporation). In periods of low yields, bank loans are particularly attractive to investors and recommended by many portfolio management firms. See for example http: //www.loomissayles.com/internet/internetdata.nsf/id/8yaj9c/$file/bankloans-lookingbeyondinterestrateexpectations.pdf. price and a countercyclical interest rate, which is line with the data, the contribution of indeterminacy is expected to be quantitatively significant. In contrast, because land demand shocks have opposite effects in the indeterminate economy, it could well be that their contribution appears to be reduced in the variable-interest rate economy. These observations turn out to accord with the estimation results that we report next.
Estimated Parameters:
As a benchmark, we first estimate the determinate model, which is essentially an extended version of Liu et al.'s (2013) with: (i) an additional parameter -the share of loans with state-contingent interest rate (ω) -and (ii) an additional observed data -the borrowing cost (R) -that is used in the estimation procedure. Table 5 Tables 1 and 2 ). In particular, the fraction of loans with state-contingent interest rate ω is estimated to be around 10%, a rather low value, while the level of investment adjustment cost is larger. In addition, all shocks are estimated to be more persistent in Table 5 , Table 2 ), expect for the land demand shock and for the TFP permanent shock. As for the standard deviations of shocks, they are of similar magnitudes in our estimation, except for the land demand shock and investment-specific permanent shock which are less volatile, and for the investment-specific temporary shock which is more volatile. Table 6 reports the estimated parameters obtained from the indeterminate model. It is important to stress that on top of the fundamental shocks that are present in the determinate model -as in Liu et al. (2013) , the indeterminate model is also subject to self-fulfilling redistribution shocks. We follow the literature by assuming that such self-fulfilling shocks are both i.i.d. and orthogonal to fundamental shocks (as in, e.g., Farmer, Khramov, and Nicoló, 2015). 16 The share ω is poorly identified in the indeterminate economy, but its estimated value is close to 0.7, in line with the time series constructed by Vickery (2008) . 17 Comparing Tables 5 and 6 reveals some differences.
Most notably, in the indeterminate model the patience shock has a largest autocorrelation, TFP shocks are more persistent than investment-specific disturbances, while land demand shock are moderately persistent and less so than labor supply shocks. In addition, estimated standard deviations differ between both models, with that of land demand shock much higher in the indeterminate model.
In light of these changes, one expects patience shocks to become more important and land demand shocks to be less active in the indeterminate economy, compared to what happens in the determinate model, which is confirmed in the variance decomposition that we discuss next.
Variance Decomposition:
Our metric to assess the importance of each shock at business-cycle frequency is the conditional variance decomposition at various horizons (quarters), as in Liu et al. (2013) . In fact, Table 7 (see also Figure 11 ) shows that the variance decomposition that obtains in our hybrid version of the determinate model estimated using also interest-rate data delivers results that are quite different from those in Liu et al. (2013) . More precisely, the land demand shock's 16 The i.i.d. assumption is relaxed in Section 4.5.
17 It is not difficult to see that our hybrid economy's moments depend on ω only in the determinacy regime. In a nutshell, this happens because ω affects the set of unstable eigenvalues and the linear saddle-path solution used to solve the determinate model, and this is why ω is identified when estimating the determinate model. In contrast, as long as it is larger than 0.5, ω does not matter in the indeterminate regime and, therefore, is not identified in that case. Table 7 shows that the contribution of land demand shocks is reduced by about a third while that of patience shocks is multiplied five-fold compared to results in Liu et al. (2013) . In that sense, estimating ω and using data on R in estimation add new findings compared to Liu et al. (2013) , as seen from Table 7 .
Another set of new results come from the variance decomposition that arises in the indeterminate economy with redistribution shocks, and that is reported in Table 8 and Figure 12 , which tells an altogether very different story.
In a nutshell, risk-premium shocks play a much more important role in explaining the variances of all variables in the indeterminate model than in the determinate model. For example, they contribute between 30% and 50% to the variances of output, investment and credit. In comparison, the contribution of land demand shocks is lower. For example, a striking feature reported in Table 8 is that while patience shocks explain more than 90% of the land price's variance, the contribution of land demand shocks explains less than 8%. Both Tables 7 and 8 show that productivity and investment-specific shocks are not important to account for movements in output and investment, in contrast with earlier results in the business-cycle literature (e.g. Greenwood, Hercowitz, Huffman, 1997, Justiniano, Primiceri, Tambalotti, 2011). The contributions of each fundamental shock to consumption movements are not very different in each regime.
A surprising feature in Table 8 and Figure 12 is that redistribution shocks do not contribute to the variances of aggregates, except for that of the interest rate. One might be tempted to infer from such an observation that those shocks are irrelevant in the estimation procedure and hence should be dropped. This turns out to be untrue, as we now argue in view of both models' fit.
A natural question to ask at this stage is which model does better fit the data. To that aim, Table 9 reports the marginal data density, using Geweke's criterion. The four models for which the data density is reported are Liu et al.
(2013)'s original version with ω set to 0 (second column in Table 9 ), the hybrid version with ω estimated to have a mean about 0.1 (third column), the pure indeterminate model with ω set to 1 (fourth column) and its hybrid version with ω's estimated mean to be around 0.7 (fifth column). Table 9 shows that while the hybrid determinate model is preferred to the pure determinate model, they are both overwhelmingly rejected against the hybrid indeterminate model: if the prior distribution over models is agnostic, the posterior probability of the determinate models is essentially zero. On the other hand, while the data does not strongly discriminate between the determinate and the pure indeterminate models, the posterior probability of the hybrid indeterminate model is essentially one with identical priors across all models. In summary, the data strongly favors the hybrid indeterminate model with redistribution shocks. 
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Persistent Redistribution Shocks
One striking feature of the setting analyzed so far is that the interest rate response to redistribution shocks shows no persistence, as can be seen from Figure 10 . As a consequence, redistribution shocks contribute little to the variance of the interest rate and nothing to the variances of other variables in the estimated model (see Table 8 and Figure 12 ).
In this section, we show that data favor persistent shocks to the interest rate. To illustrate this point in an ad-hoc fashion, we reestimate the model under the assumption that redistribution shocks follow an AR(1) process. 19 The outcome is that the estimated autocorrelation parameter of redistribution is quite large (see Table 10 ). In such model, therefore, redistribution shocks have a persistent effect on the interest rate (see Figure 13 ) and it follows that their contribution in the variance decomposition is now far from negligible (see Figure 14) . For example, after 8 quarters, the contribution of redistribution shocks to variance is about 35% for output, 27% for investment, 36% for worked hours, 23% for consumption, 19% of debt, 23% for interest rate, and 13% for land price. 20 Finally, the estimated model with persistent redistribution shocks has a much better fit than all the other models and, hence, a posterior probability that is essentially 1: its log marginal data density is about 2930, compared to about 2910 for the best model with i.i.d. redistribution shocks (see Table 9 ).
The results of this section show that data unambiguously favors interest rate shocks that are persistent. Although endogenizing such shocks is beyond the scope of this paper, this section shows that their persistence is key to account for the data and as such should be explained. Likely candidates to this task are disturbances from monetary policy, land use regulation, interest income tax and other credit market policies, to the extent that they affect the interest rate in a persistent way. In addition, deviations from rational expectations and learning, as well as sentiment shocks due to information frictions come also to mind. It remains to be seen which mechanism better helps account for data. 
Conclusion
The contribution of this paper is twofold. On the theory side, we have provided a model to explain the long-standing puzzle of the interest rate dynamics, which the vast majority of existing business-cycle models fail to explain: namely, that the real interest rate is countercyclical and, as an inverted leading indicator, forecasts the business cycle. In an extension of the KM model, we have shown that indeterminacy and self-fulfilling equilibria arise in standard versions of DSGE models with endogenous collateral constraints, provided that loans have state-contingent interest rate. The empirical part of the paper has given content to the claim that, far from being only a theoretical curiosity, the indeterminate model with self-fulfilling redistribution shocks accords with data in terms of goodness of fit.
We conjecture that our set of results could be of interest to understand the business-cycle consequences of household's debt and housing investment, in view of the fact that variable-interest rate loans (e.g. adjustable-rate mortgages)
have been an important source of funding up to the 2007-08 crisis. The main mechanism that we emphasize in this paper could in particular have first-order effects on the monetary transmission channel, when embedded in particular in the setting developed by Kydland, Rupert and Šustek (2015), Garriga, Kydland and Šustek (2013) . In relation to this, it is obvious that real interest rate movements arise also in the context of nominal debt contracts when inflation is not perfectly stabilized. In that sense all loans have state-contingent real interest rates. This is a second reason why embedding the mechanism of this paper in a framework with monetary policy, whether conventional or not, is worth pursuing. Our results also complement the recent analysis of Justiniano, Primiceri, and Tambalotti (2015b), who analyze the 2000s US trend in housing and credit markets in a very similar model and show that falling interest rates must be part of the story. We have further shown that countercyclical borrowing cost and redistribution shocks are important drivers of fluctuations at business-cycle frequency in output, investment and other aggregate variables.
In our model, however, countercyclical interest rate results from self-fulfilling swings in borrowing cost that move both credit supply and credit demand endogenously. In addition, because collateralized lending with variable rates is standard practice in interbank credit markets, our results point at a potentially empirically relevant force that could explain sudden freezes in those markets that have been under the spotlight after the last financial crisis (see e.g. Gorton and Metrick, 2012). In particular, self-fulfilling redistribution shocks could well be an important driver of banking crisis that reinforce fundamental shocks (see Boissay, Collard and Smets, 2015, for an analysis of the latter).
Of course, some unrealistic aspects of the settings that we have used and estimated in this paper need to be fixed.
At the top of the list, there is need for further work to incorporate debt maturity into standard macroeconomic models.
Our analysis has also identified the persistence of redistribution shocks as a key ingredient to account for the data, which suggests that such feature is left to be explained by any empirically-tested theory. Finally, our models feature no policy instruments that could potentially either prevent ex-ante, or fight against the consequences of self-fulfilling market gyrations. We believe this calls for further research.
Appendix
Global Self-Fulfilling Equilibria with Both Predetermined and State-Contingent
Interest Rate
This section shows that global self-fulfilling equilibria exist in the simple model of Section 3 provided that the proportion of loans with state-contingent interest rate in the economy is larger than 0.5. Suppose that a constant fraction ω ∈ [0, 1]
of total loans has a state-contingent interest rate while a fraction 1 − ω of total loans has a fixed interest rate. This means that the interest rate paid in period t is now R t ≡ ωR t + (1 − ω)R t−1 and it follows that the lender's first order condition now reads E t R t+1 =β −1 . Two cases occur depending on the value for ω. When ω < 0.5, then the latter equality ωE t R t+1 + (1 − ω)R t =β −1 can be solved forward for R t =β −1 so that the interest rate is constant and the economy stays in steady state for all t, exactly as in the case with ω = 0. In other words, the steady state solution for the interest rate is determinate. When ω > 0.5, however, this is no longer true and the steady state interest rate is indeterminate: ωE t R t+1 + (1 − ω)R t =β −1 cannot be solved forward and there exist self-fulfilling equilibria such that R t+1 = (βω) −1 − (1 − ω)ω −1 R t + ε t+1 , where the innovation ε is i.i.d. with zero mean.
In addition, the intuition developed in Section 3 still applies to the case with ω > 0. (13) in Section 3 when ω = 1. The situation depicted in Figure 7 therefore applies just the same if ω > 0.5: if the borrower expects a lower interest rate in period t, she invests more so that L t+1 goes up and the expectation of a falling loan interest rate is self-fulfilling because credit supply shifts rightward by more than credit demand.
Linearized Version of Full-Fledged Model
The purpose of this appendix is to report the stationary and linearized versions of the equations describing the competitive equilibrium with borrowing constraints in Section 4.
Model with Predetermined Interest Rate
This is the model described in Section 4.1.
Stationary equilibrium:
Since there is technological progress, a steady state is defined in terms of detrended variables. DefineX 1t =
X1t
Γt where We follow the calibration strategy used by Liu et al. (2013) . First we have
then we deriveq
On the other hand, define
it follows that the investment-capital ratio is
and the capital-output ratio is 
and the investment-output ratioĨ
Besides, the credit-to-output ratio isB
which gives the entrepreneur's consumption as a fraction of output
and the household's consumption-to-output ratio as well
In additionq
and the steady-state quantity of labor is
Linearization:
Defining the following constant
Ω e = (g γ − βγ e )(g γ − γ h )
then we dynamic linear system followŝ 
